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A hybrid vehicle includes a first motor generator (1) and an
engine (3) connected to first drive wheels (7) via a trans-
mission (§), a second motor generator connected to a second
drive wheel (17), a battery (8) electrically connected to the
first and second motor generators (7,17), a sensor (25) which
detects a running state of the vehicle, a sensor which detects
a charge state of the battery (8), and a controller (10,11,12).
The controller (10,11,12) controls a drive force of the engine
(3) and the first motor generator (1) according to the running
state of the vehicle and the charge state of the battery (8),
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(52) US.ClL ., 477/5; 180/65.2 or the power generated by the first motor generator (1).
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180/64 8 Claims, 12 Drawing Sheets
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1
FOUR-WHEEL DRIVE HYBRID VEHICLE

FIELD OF THE INVENTION

This invention relates to a four-wheel drive hybrid
vehicle.

BACKGROUND OF THE INVENTION

JP-A-H10-246134 published by the Japanese Patent
Office 1n 1998 discloses a hybrid vehicle wherein an engine
1s combined with a motor generator, and the vehicle 1s driven
by either one or both of the engine and motor generator. The
combination of the engine and automatic transmission with
the motor generator, and the provision of a center differential
gear, makes 1t 1s possible to realize four-wheel drive.

In this prior art, when regeneration 1s performed by the
motor generator, a forward clutch of the transmission 1is
released, and the regeneration amount from the motor gen-
erator 1s 1ncreased.

SUMMARY OF THE INVENTION

However, 1n this prior art, regeneration 1s performed while
the forward clutch of the transmission 1s released, so the
engine must rotate by itself during regeneration, and fuel cut
cannot be performed. Hence, a fuel supply 1s required to
maintain the engine rotating, and although the regeneration
amount can be increased, fuel consumption performance
decreases.

If on the other hand fuel cut i1s performed while the
forward clutch 1s still engaged and the regeneration 1is
performed, since the engine brake force acting on the vehicle
becomes a value corresponding to the torque required to
drive the engine and motor generator, it 1s difficult to control
the engine braking force to a suitable value. Further, the
vehicle decelerates while the engine and drive wheels are
still connected, so regeneration cannot be performed until a
very low vehicle speed 1s reached at which the mnput shaft
rotation speed of the transmission 1s less than the idle
rotation speed of the engine.

Moreover, the construction of the four-wheel drive hybrid
vehicle having a mechanical center differential gear 1s
complex.

It 1s therefore an object of this invention to provide a
four-wheel-drive hybrid vehicle having a simple construc-
tion. It 1s a further object of this invention to achieve an
optimum engine braking force while increasing the regen-
eration amount.

In order to achieve above object, this invention provides
a hybrid vehicle, including a first drive wheel, a second drive
wheel, an automatic transmission, a first motor generator
and engine connected to the first drive wheel via the
fransmission, a second motor generator connected to the
second drive wheel, a battery electrically connected to the
first and second motor generators, and a controller function-
ing to determine a running state of the vehicle, determine a
charge state of the battery, control the drive force of the
engine and the first motor generator based on the running
state of the vehicle and the charge state of the battery, and
drive the second motor generator using the battery and the
power generated by the first motor generator.

The details as well as other features and advantages of this
invention are set forth in the remainder of the specification
and are shown i1n the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic view of a hybrid vehicle according,
to this invention.

10

15

20

25

30

35

40

45

50

55

60

65

2

FIG. 2 1s a schematic view of a drive force controller of
the vehicle.

FIG. 3 1s a schematic view of an automatic transmission
of the vehicle.

FIG. 4 1s a table showing the state of friction devices at
various gear positions. The white circles show the devices
which operate or engage when the vehicle 1s driven, and the
black circles show the devices which operate or engage
when the engine braking force 1s transmitted.

FIG. 5 1s a block diagram of speed change control.

FIG. 6 1s a map for computing a virtual throttle opening
V-TVO from the engine rotation speed Ne and mput torque
of the automatic transmaission.

FIG. 7 1s a diagram describing the virtual throttle opening
V-TVO when the first motor generator generates power.

FIG. 8 1s a diagram describing the virtual throttle opening
V-TVO when the first motor generator drives the vehicle.

FIG. 9 1s a flowchart showing a main routine in drive force
control.

FIG. 10 1s a flowchart showing a subroutine for deter-
mining a driving state of the second motor generator.

FIG. 11 1s a flowchart showing a subroutine for deter-
mining a regeneration state of the second motor generator.

FIG. 12 1s a flowchart showing a routine 1n the speed
change control.

FIG. 13 1s a block diagram showing a target torque
computation routine of the second motor generator during
four-wheel drive.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Referring to FIG. 1 of the drawings, a hybrid vehicle to
which this invention 1s applied 1s a four-wheel drive vehicle.
The power train comprises a first drive line wherein an
engine 3 1s connected to rear wheels 7 via a first motor
ogenerator 1, an automatic transmission 5 and a rear ditfer-
ential gear 6, and a second drive line wherein a second motor
ogenerator 2 1s connected to front wheels 17 via a front
differential gear 16.

The output shaft of the engine 3, the output shaft of the
motor generator 1 and the input shaft of the automatic
fransmission 3 are interconnected. In this power train, the
rear wheels 7 are driven by the torque of either one or both
of the engine 3 and the first motor generator 1. The front
wheels 17 are driven by the torque of the second motor
ogenerator 2. During deceleration, the second motor genera-
tor 2 connected to the front wheels 17 and the first motor
ogenerator 1 connected to the rear wheels 7 regenerate power
independently.

The second motor generator 2 drives the front wheels 17,
and regenerates power from the front wheels 17. The first
motor generator 1 drives the rear wheels 7 and regenerates
power from the rear wheels 7, and 1s used for starting and
ogenerating power from the engine 3. When the charge
amount of a battery 8 falls, the battery 8 1s charged by power
ogenerated by the first motor generator 1.

The motor generators 1 and 2 are alternating current
motors, and are both connected with the battery 8 via an
mverter 9. The construction of the motor generators 1 and 2
1s the same as that of JP-A-2000-14103 published by the
Japanese Patent Office in 2000. The inverter 9 1s controlled
by a motor generator controller 13.

The engine 3 1s controlled by an engine controller 11, and
the automatic transmission S 1s controlled by a transmission
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controller 12. The controllers 11-13 each comprise at least
one microprocessor, RAM, ROM and I/O mterface, and
respectively perform control based on commands from a
drive force controller 10 which determines drive force
according to a running state. The engine controller 11 stops
fuel injection to the engine 3 (fuel cut) in a predetermined
running state, for example, when the accelerator pedal 1s
released.

The signals which are mput to the drive force controller
10, as shown 1n FIG. 2, are a vehicle speed VSP from a
vehicle speed sensor 21, accelerator operation amount APS
from an accelerator operation amount sensor 22 (or throttle
opening), engine rotation speed Ne from an engine rotation

speed sensor 23, a signal from an 1dle switch 24, and a
charge state SOC of the battery 8 from an SOC sensor 235.

The drive force controller 10 determines a running state
based on the signals from these sensors, computes a target
drive force according to the running state of the vehicle, and
determines the target drive force of the motor generators 1
and 2, and the target drive force of the engine 3 based on the
running state and the charge state SOC of the battery 8. The
speed ratio (or gear position) for realizing these target drive
forces 1s also determined, and commands are sent to the
engine controller 11, transmission controller 12 and motor
generator controller 13.

The transmission S 1s an automatic transmission COmpris-
ing three planetary gear sets G1, G2, G3, as shown 1n FIG.
3. As 1n the case of the transmission disclosed in JP-A-H10-
30688 published by the Japanese Patent Office 1n 1998, this
fransmission 1s a 5 speed forward, 1 speed reverse trans-
mission.

In FIG. 3, G1, G2, G3 are the planetary gear sets, M1 and
M2 are connection members, C1, C2, C3 are clutches, B1,
B2, B3, B4 are brakes, F1, F2, F3 are one-way clutches, Al
1s an 1nput shaft and A2 1s an output shaft.

The planetary gear sets G1, G2, G3 are all single pinion
types. The first planetary gear set G1 comprises a first sun
ogear S1, a first ring gear R1, and a first carrier PC1 which
supports a pinion which engages with both the gears S1 and
R1. The second planetary gear set G2 comprises a second
sun gear S2, second ring gear R2 and a second carrier PC2
which supports a pinion which engages with both the gears
S2 and R2. The third planetary gear set G3 comprises a third
sun gear S3, a third ring gear R3, and a third carrier PC3

which supports a pinion which engages with both the gears
S3, R3.

The first connection member M1 1s a member which
connects the first carrier PC1 and the third ring gear R3. The
second connection member M2 1s a member which connects
the third carrier PC3 with the second ring gear R2.

The first clutch C1 1s a clutch for engaging the first ring,
gear R1 and second ring gear R2. The second clutch C2 1s
a clutch for engaging the second sun gear S2 and third sun
ogear S3. The first one-way clutch F1 1s provided 1n parallel
with the second clutch C2. The third clutch C3 1s a clutch for

engaging the third carrier PC3 and the third sun gear S3.

The first brake B1 1s a brake for stopping rotation of the
second connection member M2. The second brake B2 1s a
brake for stopping rotation of the first sun gear S1. The
second one-way clutch F2 1s provided 1n parallel with the

second brake B2.

The third brake B3 1s a brake for stopping rotation of the
second sun gear S2. A fourth brake B4 and the third one-way
clutch F3 (the brake B4 and the one-way clutch F3 are

disposed in series) are provided in parallel with the third
brake B3.
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The 1nput shaft Al 1s connected with the first ring gear R1,
drive force from the engine 3 being input via a torque
converter. The output shaft A2 1s connected with the second
carrier PC2, and the transmitted torque 1s transmitted to the
rear wheels 7 via a final gear.

An o1l pressure control device which generates an engag-
Ing pressure or release pressure according to the gear posi-
tion 1s connected to the clutches C1, C2, C3 and brakes B1,
B2, B3, B4.

In the transmission 5, the friction devices (C1-C3,
B1-B4, F1-F3) operate according to the gear position as
shown 1n the table of FIG. 4. In FIG. 4, the white circles
show the friction devices which operate or engage to trans-
mit power to the rear wheels 7 from the engine 3 or motor
ogenerator 1 when the vehicle 1s driven, and the black circles
show the friction devices which operate or engage when the
engine brake 1s applied during deceleration, or when the
accelerator operation amount APS falls below a predeter-
mined value and the engine brake 1s applied. The gear
position 1s determined referring a shift map based on the
position of a selector lever, the vehicle speed, and the
accelerator operation amount.

Hereafter, the state of the friction devices in each gear
position will be described.
<First Gear>

When the vehicle 1s driven 1n first gear, the second sun
ogear S2 engages with the third sun gear S3 due to operation
of the first one-way clutch F1, or the engagement of the
second clutch C2. Also, the sun gears S2, S3 are both fixed
to the transmission case by the engagement of the fourth
brake B4 and the operation of the third one-way clutch F3,
or the engagement of the third brake B3.

Therefore, when the vehicle 1s driven 1n first gear, the first
sun gear S1 1s fixed to the transmission case by the operation
of the second one-way clutch F2, and the first ring gear R1
and second ring gear R2 are separated by release of the first
clutch C1. In the second planetary gear set G2, the rotation
of the output shaft A2 1s determined by the rotation of the
second ring gear R2 (a slower rotation than the rotation of
the first connection member M1), and the fixation of the
second sun gear S2. It 1s much slower than the rotation of the
input shaft Al.

On the other hand, as the black circles 1n FIG. 4 show,
when the engine brake 1s applied during deceleration, the
second clutch C2, second brake B2 and third brake B3 are
engaged 1n addition to the friction devices engaged when the
vehicle 1s bemng driven. When the engine brake acts on the
vehicle, the first sun gear S1 1s fixed to the transmission case
due to the engagement of the second brake B2, and the first
ring gear R1 and second ring gear R2 are separated by
release of the first clutch C1.
<Second Gear>

When the vehicle 1s driven 1n second gear, the third clutch
C3 1s engaged from first gear.

In second gear, the first sun gear S1 1s fixed to the
transmission case by operation of the second one-way clutch
F2, and the first ring gear R1 and second ring gear R2 are
separated due to disengagement of the first clutch C1. Due
to the disengagement of the second clutch C2 and engage-
ment of the third clutch C3, the third planetary gear set G3
rotates 1n one piece. Further, due to the engagement of the
fourth brake B4 and the operation of the third one-way
clutch F3, the second sun gear S2 1s fixed to the transmission
case.

Therefore, in the second planetary gear set G2, the
rotation of the output shaft A2 i1s determined by the rotation
of the second ring gear R2 (the same rotation as that of the
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first connection member M1) and the stopping of the second
sun gear S2, and decreases less than the rotation of the input
shaft.

On the other hand, when the engine brake 1s applied 1n
second gear, 1n addition to the friction devices which engage
when the vehicle 1s driven, the second brake B2 1s engaged
and the first sun gear S1 1s fixed to the transmission case. In
addition, the first clutch C1 1s disengaged to separate the first
ring gear R1 and second ring gear R2. The third planetary
ogear set G3 rotates 1n one piece due to the engagement of the
second clutch C2 and third clutch C3. Further, the second
gear S2 1s fixed to the transmission case by the engagement
of the fourth brake B4 and engagement of the third brake B3.
<Third Gear>

When the vehicle 1s driven 1n third gear, the second clutch
C2 1s engaged from second gear.

In third gear, the first sun gear S1 1s fixed to the trans-
mission case due to the operation of the second one-way
clutch F2, and the first ring gear R1 and second ring gear R2
separate due to disengagement of the first clutch C1.

The second planetary gear set G2 and third planetary gear
set G3 rotate together due to the engagement of the second
clutch C2 and third clutch C3.

Therefore, in the second planetary gear set G2, the
rotation of the output shaft A2 1s determined to be the same
as the rotation of the first connection member M1 due to the
rotation of the second ring gear R2 (same as the rotation of
the first connection member M1) and the rotation of the
second sun gear S2 (same as the rotation of the first
connection member M1), and the input rotation is reduced
only by the first planetary gear set G1.

On the other hand, when the engine brake 1s applied, as
shown by the black circles in FIG. 4, in addition to the
friction devices which engage when the vehicle 1s driven, the
second brake B2 1s engaged and the first sun gear S1 1s fixed
o the transmission case.
<Fourth Gear>

When the vehicle 1s driven 1n fourth gear, as shown by the
white circles 1n FIG. 4, the first clutch C1 1s engaged from
third gear.

In fourth gear, the first ring gear R1 and second ring gear
R2 are engaged due to the engagement of the first clutch C1.
The second planetary gear set G2 and third planetary gear set
G3 rotate together due to the engagement of the second
clutch C2 and third clutch C3. Therefore, the 1input shaft Al
and output shaft A2 are linked, the input shaft and output
shaft perform the same rotation, and the gear ratio 1s 1.

In this fourth gear, the engine brake i1s always operating.
<Fifth Gear>

When the vehicle 1s driven 1n fifth gear, as shown by the
white circles 1n FIG. 4, the third clutch C3 i1s released from
fourth gear, and the second brake B2 1s engaged.

In fifth gear, the first sun gear S1 1s fixed to the trans-
mission case due to the engagement of the second brake B2
or the operation of the second one-way clutch F2, and the
first ring gear R1 and second ring gear R2 are linked due to
the engagement of the first clutch C1. The second sun gear
S2 and third sun gear S3 are also linked due to the operation
of the first one-way clutch F1 or the engagement of the
second clutch C2 and disengagement of the third clutch C3.

Therefore, 1n the second planetary gear set G2, the
rotation of the output shaft A2 is determined by the rotation
of the second ring gear R2 (input rotation) and the rotation
of the second sun gear S2 (faster rotation than input
rotation), and is faster than the rotation of the input shaft Al.

In this fifth gear also, the engine brake 1s always operat-
ing.
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In the above forward first to fifth gear, the second brake
B2 and fourth brake B4 function as clutches to make the
engine brake operate.
<Reverse Gear>

In reverse gear, as shown 1n FIG. 4, the second clutch C2,
first brake B1 and second brake B2 are engaged.

The first sun gear S1 1s fixed to the transmission case due
to the operation of the second one-way clutch F2 or engage-
ment of the second brake B2, and the first ring gear R1 and
second ring gear R2 separate due to the disengagement of
the first clutch C1. The second sun gear S2 and third sun gear
S3 are linked due to the operation of the first one-way clutch
F1 or the engagement of the second clutch C2, and the
second connection member M2 1s fixed due to the engage-
ment of the first brake B1.

Therefore, 1n the second planetary gear set G2, the
rotation of the output shaft A2 i1s determined by the fixing of
the second ring gear R2 and reverse rotation of the second
sun gear S2, and 1s the reverse of the rotation of the 1nput
shaft A2.

Transmission control by the drive force controller 10 and
transmission controller 12 1s performed based on the vehicle
speed VSP from the vehicle speed sensor 21, an accelerator
operation amount APS from the accelerator operation
amount sensor 22 (or throttle opening), and an engine
rotation speed Ne from the engine rotation speed sensor 23,
as shown 1n FIG. 5.

A block B101 computes the engine torque generated by
the engine 3 based on the accelerator operation amount APS
and the engine rotation speed Ne. A block B102 computes
the torque generated or consumed by the first motor gen-
crator 1. A block B103 computes a virtual throttle opening
V-TVO based on a map shown in FIG. 6 from the trans-
mission input torque (=sum of the engine torque and the first
motor generator torque), and the engine rotation speed Ne.

In a block B121, 1n a normal shift map used for ordinary
fransmission control, a gear position depending on this
virtual throttle opening V-TVO and the vehicle speed VSP 1s
calculated using the virtual throttle opening V-TVO 1nstead
of the accelerator operation amount APS, and the speed ratio
of the automatic transmaission 5 1s thereby controlled. The
virtual throttle opening V-TVO 1s determined based on the
actual accelerator operation amount APS and the power
generation amount or the drive torque of the motor generator
1, and the engine rotation speed Ne, as shown 1 FIG. 7 and
FIG. 8.

When the first motor generator 1 generates power, the
virtual throttle opening V-TVO 1s calculated to be smaller
than the actual accelerator operation amount APS. As shown
in FIG. 7, 1 the actual accelerator operation amount APS 1s
8/8, the engine 3 generates an output corresponding to
APS=8/8. However, the first motor generator 1 interposed
between the engine 3 and automatic transmission 5 absorbs
the engine torque due to the power generation. Therefore,
assuming that the torque actually mput to the automatic
transmission 5 becomes a torque corresponding to APS=4/8
due to absorption of torque as a result of this power
generation, the virtual throttle opening V-TVO at this time
1s 4/8.

On the other hand, when the first motor generator 1 1s
driving the vehicle, the virtual throttle opening V-TVO 1s
calculated to be larger than the actual accelerator operation
amount APS. As shown 1 FIG. 8, assuming that the actual
accelerator operation amount APS 1s 4/8, the engine 3
generates an output corresponding to APS=4/8. However,
the drive torque of the first motor generator 1 interposed
between the engine 3 and automatic transmission S 1s added
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to the engine torque. Therefore, assuming that the torque
actually 1mput to the automatic transmission S5 becomes a
torque corresponding to APS=8/8, the virtual throttle open-
ing V-TVO at this time 1s 8/8.

Hence, by compensating the variation of the torque actu-
ally input to the automatic transmission 3 due to the power
generation or drive of the first motor generator 1 using the
virtual throttle opening V-TVO, smooth transmission control
can be performed.

Next, the drive force control performed by the drive force
controller 10 will be described referring to the flowcharts of
FIG. 9 to FIG. 12.

FIG. 9 1s a flowchart showing a main routine 1n drive force
control. This routine 1s performed repeatedly at a predeter-
mined interval, e.g., 10 milliseconds.

In a step S101 of FIG. 9, the outputs of the above sensors
are read. In a step S102, the signal from the i1dle switch 24
1s determined. When the accelerator pedal 1s released and the
1dle switch 24 1s ON, the routine proceeds to a step S103. On
the other hand, when the accelerator pedal 1s depressed and
the 1dle switch 24 1s OFF, the routine proceeds to a step
S104.

In the step S103, the regenerating amount of the second
motor generator 2 is computed (regeneration mode). On the
other hand, 1 the step S104, the drive torque of the second
motor generator 2 1s determined based on the running state
of the vehicle (power running mode).

After computing the regenerating amount or drive torque
of the motor generator 2, the drive force controller 10
controls the second motor generator 2 via the motor gen-
erator controller 13 and the inverter 9.

FIG. 10 1s a flowchart showing a subroutine for deter-
mining a driving state of the second motor generator 2. This
subroutine 1s performed repeatedly at a predetermined
interval, e.g., 10 milliseconds, when the power running
mode 1s selected 1n the step S104.

First, in the step S110, 1t 1s determined whether or not the
charge amount 1s sufficient from the charge state SOC of the
battery 8.

When the charge amount of the battery 8 1s suflicient, the
routine proceeds to a step S111, and the second motor
generator 2 1s driven by the power supplied from the battery
8. On the other hand, when the charge amount of the battery
8 1s 1insuilicient, the routine proceeds to a step S112, the first
motor generator 1 generates power, the second motor gen-
erator 2 1s driven by the power generated by the first motor
generator 1 and the battery 8 1s charged.

FIG. 11 1s a flowchart showing a subroutine for deter-
mining a regenerating state of the second motor generator 2.
This subroutine 1s performed repeatedly at a predetermined
interval, e.g., 10 milliseconds, when the regeneration mode
1s selected 1n the step S103.

First, in a step S120, 1t 1s determined whether or not
charging 1s possible based on the charge state SOC of the
battery 8. If charging 1s possible, the routine proceeds to a
step S121, and if charging 1s not possible due for example to
the fact that the charge amount is saturated (near its maxi-
mum capacity), the routine proceeds to a step S1285.

In the step S121, it 1s determined whether or not the
present gear position 1s fifth gear which is the highest speed
oear, and if 1t 1s fifth gear, the routine proceeds to a step
S122. When 1t 1s fifth gear, the fourth brake B4 and first
clutch C1 are engaged and the engine brake will definitely
operate as described above, so the regenerating amount
(power generation amount) due to the second motor gen-
erator 2 1s corrected in the decreasing direction to prevent
engine braking from becoming excessive.
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On the other hand, when charging 1s possible and the gear
position 1s a position other than fifth gear, the routine
proceeds to steps S123, S124 and power 1s regenerated by
the second motor generator 2. At the same time, the friction
device which controls the engine brake (in first gear to third
gear, the second brake B2) is released, transmission of
torque from the automatic transmission § to the motor
generator 1 1s interrupted, and the engine 3 1s driven by the
first motor generator 1 while performing fuel cut of the
engine 3.

At this time, the motor generator 1 drives the engine 3 so
as to reach an engine rotation speed at which the engine 3
can be restarted immediately. Preferably, the engine rotation
speed 1s controlled to be the speed at which re-engagement
of the friction devices of the automatic transmission 5 can be
performed without relative rotation, especially when the
charge amount of the battery 8 1s near its maximum capacity.

When 1t 1s determined that charging is not possible in the
step S120, the routine proceeds to steps S125, S126, regen-
eration by the second motor generator 2 1s prohibited and the
drive of the first motor generator 1 is stopped. At the same
time, fuel cut 1s prohibited, and the friction device used for
engine brake control (in first gear to third gear, the second
brake B2) is engaged so that the engine brake is applied.

FIG. 12 1s a flowchart showing the details of the speed
change control. This flowchart 1s also performed at a pre-
determined interval, e.g., 10 milliseconds.

First, in a step S130, the vehicle speed VSP and virtual
throttle opening V-TVO are read. In the step S131, a gear
position 1 corresponding to the vehicle speed VSP and
virtual throttle opening V-TVO 1s detected from a shift in the
block B121.

In a step S132, 1t 1s determined whether or not the gear
position 1 1s fourth gear. If it 1s a position other than fourth
ogear, the gear position of the automatic transmission 5 1s
controlled so that the gear position 1s 1, and the routine 1is
terminated. On the other hand, if the gear position 1s fourth
oear, the routine proceeds to a step S133, and 1t 1s deter-
mined whether or not regeneration 1s being performed.

If regeneration 1s not being performed, the routine 1s
terminated without modification. Conversely, 1f regeneration
1s being performed, the routine proceeds to a step S134 and
an upshift to fifth gear 1s performed.

In fourth gear, the fourth brake B4 and first clutch C1 are
engaged and the engine brake will definitely operate, as in
fifth gear, but by performing an upshiit to fifth gear which
1s a high speed gear 1n this way, the engine braking force 1s
prevented from becoming excessive.

When the above mentioned regeneration control 1s not
performed, for example during normal running, the output of
the engine 3 drives the rear wheels 7 via the automatic
transmission 5. When the charge state SOC of the battery 8
falls, part of the engine output 1s used to make the motor
ogenerator 1 function as a generator as necessary, and per-
form charging of the battery 8.

When rapid acceleration 1s required, the rear wheels 7 are
driven by both the first motor generator 1 and the engine 3,
and when a still larger drive force 1s required, the motor
ogenerator 2 drives the front wheels 17 to supplement the
drive force. Further, on a road with low friction such as when
there 1s snow, and the rear wheels 7 rotate 1dly, four-wheel
drive 1s performed wherein the second motor generator 2
drives the front wheels 17.

In the control of the torque generated by the second motor
generator 2 during four-wheel drive, as shown i FIG. 13, 1f
the rotation speed difference of the rear wheels 7 and front
wheels 17 1s AVW, a torque T, 1s computed according to the
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rotation speed difference AVW 1n a block B201, and a torque
T, according to the accelerator operation amount APS 1s
computed i a block B202. In a block B203, the larger of the
torques T,, T, 1s used as the target torque of the second
motor generator 2.

In this way, the rear wheels 7 are driven by the engine 3
and the first motor generator 1, while the front wheels 17 are
driven and power is regenerated (braking is performed) by
the second motor generator 2. Hence, a four-wheel drive
hybrid vehicle can easily be manufactured using the con-
ventional automatic transmission 3. There 1s no need for a
drive force distribution mechanism such as a center differ-
ential gear, the construction 1s simple, and increase of
manufacturing costs 1s suppressed.

The second motor generator 2 can be driven also by the
power generated by the first motor generator 1 connected to
the engine 3, so even if the charge amount of the battery 8
1s low, four-wheel drive can still be performed.

When an engine 1s combined with a motor generator, 1f
the motor generator 1s provided on the opposite side to the
transmission of the engine crankshaft, the assembly of the
motor generator becomes complex due to the engine acces-
sories. However, by placing the motor generator 1 between
the engine 3 and transmission S as in this invention, a hybrid
four-wheel drive vehicle can easily be realized while main-
taining the same construction for the engine 3 as in the prior
art.

During power regeneration, the second motor generator 2
connected to the front wheels 17 generates power, the
automatic transmission 35 connected to the rear wheels 7
releases the second brake B2 which 1s the friction device
used for engine brake control, and the engine brake torque
1s thereby prevented from acting on the first motor generator
1. At this time, by driving the engine 3 by the first motor
generator 1 (idle rotation) and performing fuel cut, fuel
cost-performance can be 1improved while a large amount of
power 1s regenerated, and the regeneration amount can be
increased to charge the battery 8 more rapidly than when the
second brake B2 1s engaged. Further, the engine brake force
1s generated by the power generation of the second motor
generator 2 which 1s connected to the front wheels 17, so
optimum engine braking can be performed without the
engine brake torque being affected by the gear position.

Further, during power regeneration, the friction device
used for controlling engine braking 1s released and the
engine 3 1s rotated by the first motor generator 1, so the
engine rotation speed can be set to any desired rotation speed
with a view to restarting the engine, and engine restarting,
can be performed smoothly and easily. When power 1s being
regenerated by the second motor generator 2, there 1s no
concern that the engine will stall, so fuel cut can be
performed while recovering power down to a very low
speed, and fuel cost-performance can be 1mproved.

If the charge amount of the battery 8 has reached
saturation, the friction device 1s engaged to perform normal
engine braking and stop power regeneration, so engine
braking can be maintained while preventing overcharging of
the battery 8.

The friction device 1s the second brake B2 which 1s
installed parallel with a one-way clutch (second one-way
clutch F2) used for controlling engine braking, so in the
construction of the hybrid vehicle, there 1s no need to
provide a special clutch such as a solenoid clutch, and by
using the conventional automatic transmission 5, manufac-
turing costs can be largely suppressed. If the friction device
used for controlling engine braking were the forward clutch
of a forward/reverse change-over mechanism, the forward
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clutch 1s generally controlled by a manual valve which
operates 1n synchronism with a selector lever, therefore art
additional mechanism would be required to interrupt trans-
mission by electronic control, and it would be 1mpossible to
prevent rise of manufacturing costs.

When regeneration 1s performed in a gear position (fourth
gear) wherein the engine brake torque cannot be interrupted
by the friction device used for controlling engine braking,
engine braking 1s prevented from becoming excessive while
increasing the regeneration amount by the second motor
generator 2 by performing an upshiit to the high speed side.

Further, the 1input torque of the automatic transmission 3
1s calculated based on the output torque of the engine 3 and
the torque generated or consumed by the first motor gen-
erator 1, the accelerator operation amount when this 1nput
torque 1s generated only by the engine 3 1s set to the virtual
throttle opening V-TVO, and this virtual throttle opening
V-TWO 1s used for speed change control. Therefore, a
hybrid vehicle can easily be constructed using the shift map
of the conventional automatic transmission S, and rise of
manufacturing costs can be suppressed.

The entire contents of Japanese Patent Applications
P2001-007390 (filed Jan. 16, 2001) and JP-A-2000-14103

(published by the Japanese Patent Office in 2000) are
incorporated herein by reference.

Although the i1nvention has been described above by
reference to a certain embodiment of the invention, the
invention 1s not limited to the embodiment described above.
Modifications and variations of the embodiments described
above will occur to those skilled 1n the art, 1n the light of the
above teachings. The scope of the invention 1s defined with
reference to the following claims.

What 1s claimed 1s:

1. A hybrid vehicle, comprising:

a first drive wheel,
a second drive wheel,
an automatic transmission,

a first motor generator and engine connected to the first
drive wheel via the transmission,

a second motor generator connected to the second drive
wheel,

a battery electrically connected to the first and second
motor generators, and

a controller functioning to:
determine a running state of the vehicle,
determine a charge state of the battery,
control the drive force of the engine and the first motor
generator based on the running state of the vehicle
and the charge state of the battery, and
drive the second motor generator using the battery and
the power generated by the first motor generator.
2. The hybrid vehicle as defined i claim 1, further
comprising a sensor which detects an operation amount of
an accelerator pedal, and wherein:

the transmission further comprises a friction device which
connects the engine with the first drive wheel, and

the controller further functions to release the {friction
device and perform regeneration by the second motor
generator when the accelerator pedal 1s released.

3. The hybrid vehicle as defined 1n claim 2, wherein the
controller further functions to stop the fuel supply to the
engine and rotate the engine by the first motor generator
when the accelerator pedal is released and regeneration 1s
performed by the second motor generator.

4. The hybrid vehicle as defined 1n claim 2, wherein the
controller further functions to engage the friction device and
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cause the engine brake to be operated by the engine when the
accelerator pedal 1s released and the charge state of the
battery 1s saturated.

5. The hybrid vehicle as defined 1n claim 2, wherein the
fransmission further comprises a one-way clutch, and the
friction device 1s disposed in parallel with the one-way
clutch.

6. The hybrid vehicle as defined 1n claim 5, wherein the
controller further functions to perform an upshiit operation
when the gear position of the transmission which depends on
the running state, 1s set to a gear position wherein the engine
braking torque 1s not transmitted through the friction device.

7. The hybrid vehicle as defined 1n claim 1, wherein the
controller further functions to:

compute the output torque of the engine,

compute the torque generated or consumed by the first
motor generator,

compute the torque mnput to the transmission based on the
output torque of the engine and the torque generated or
consumed by the first motor generator,

compute a virtual accelerator operation amount required
for the computed 1nput torque to be generated only by
the engine, and
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perform the speed change control of the transmission
based on the virtual accelerator operation amount.
8. A hybrid vehicle, comprising;:

a first drive wheel,
a second drive wheel,
an automatic transmission,

a first motor generator and engine connected to the first
drive wheel via the transmission,

a second motor generator connected to the second drive
wheel,

a battery electrically connected to the first and second
motor generators,

means for determining a running state of the vehicle,

means for determining a charge state of the battery,

means for controlling the drive force of the engine and the
first motor generator based on the running state of the
vehicle and the charge state of the battery, and

means for driving the second motor generator using the
battery and the power generated by the first motor
generator.
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